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(64) Method for producing gadolinium 
gallium garnet 

(67) There is dlsdosed a method for 



producing essentially iridiunvfree unl- 
crystalline gadolinium gallium garnet 
from a mettof gadolinium and gallium 
oxldee contained In en iridium crucible, 
which Involves maintaining an atmos- 
phere of nitrogen and about 0.8 to 3% 
oxygen In the crucible. The method 
reduces the number of Iridium Inclu- 
sions from the crucible in the finished 
crystal. 
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SPECIFICATION 

Method for producing geck>Uniuro gaMum garnet 

5 The present (nvtntion relit** to a method for 
producing massive unicrystalline gadolinium gal- 
lium garnet material. More particularly, the present 
Invention is directed to a method for produdngsuch 
material from en oxide mart contained In an iridium 

10 crucible. 

Unicryttaflln* gadolinium gallium garnet material 
in meesive form ie produced following the well 
known CxochrsJski technique by pulling a seed rod 
from a melt of GdjOj and Ga a Oi in a molar ratio of 

16 3:5. The melt Is meet ueueaJly contained in an 
iridium crucibU, iridium being considered the most 
desirable metal for this purpose on account of its 
known physical and chemical properties, Also, it Is 
known to provfde a cover member or lid formed of 

20 Iridium for the Iridium crucible which ecte es e 
relation heat shield. The gadolinium gallium garnet 
is produced in the form of an elongate boule of 
circular cross-section which Is subsequently sawed 
into wafers for use aa substrates in electronic 

25 applications such aa the epitaxial growth of iron 
garnet film. It Is very Important that these substrates, 
end hence the crystal from which they ere formed, 
be free of impurities, e.g. iridium Inclusions. This is 
so since such Inclusions will propagate into epitaxial 

30 layers formed on orystslline substrates with weH 
known detrimental effect*. 

It has been found that the above-noted Iridium 
inclusions occur with significant frequency In the 
lower section of CzochralsU grown bouies, Le. In the 

35 last grown section of the boule. 

The method of the present invention for producing 
unicrystalline gadolinium gallium gemot bouies of 
substantially circular cross se cti on Involves the fol- 
lowing steps: 

40 0) forming a melt by heating a mixture of GdsQi 
and GajO, in e molar ratio of 3:5 In an iridium 
crucible having an Iridium cover member with a 
circular opening MSltloned above the surface of the 
msltonlysDghth; larger then the cross-section of the 

45 buis to be produced the melt being st s temperature 
in the range of 1700 to 180XTC 

(li> Inserting e seed rod of unicrystalline gadoli- 
nium gallium gemot through said circular opening In 
said iridium cover member Into the matt, 

60 (HI) providing n ambient atmosphere of nitrogen 
containing from about 0.6% to 3% oxygen by 
volume. 

(lv) wtthdrewtng the aeed rod from the malt such 
that gadolinium gallium garnet material Is solidified 

56 and crystalQied on the seed rod tofermsmasslve 
unicrystalline boule product of increasing length and 
having a substantially circular cross-section slightly 
less than the circular opening In said iridium cover - 
member, said boule passing through said circular 

60 opening In said iridium cover member as the length 
of said boule Increases to substantisily enclose the 
surface of the matt in said Iridium crucible in e 
compartment defined by the waDs of said crucible, 



(v) Introducing a continuous flow of nitrogen 
containing from about OJS to 3% by volume oxygen 
into eeid compartment at a rate sufficient to maintain 
an atmosphere in said compartment of nitrogen 
70 containing about 0.6 to 3% by volume oxygen. 

The process of the present invention may result In 
massive unicrystalline gadolinium gallium garnet 
bouies which are essentially free of Iridium Inclu- 
sions. The process of the invention msy produce 
75 unicrystalline gaaollnlum gallium garnet bouies 
which are virtually perfect 

The Improvement of the present invention with 
respect to previous growth techniques using en 
iridium crucible and iridium cover member resides 
80 in the cotinuous malntsnance of an atmosphere of 
nitrogen end about d.6% to 3%» preferably 2% 
oxygen In the region within the crucible contiguous 
to the melt surf see, crystal growth interface and the 
edjoccnth/ located bottom surface of the iridium 
85 cover snd the inner surface of the Iridium crucible 
which la above the melt 

The invention will now be further described by 
reference to the accompanying drawings. In which:* 

Figum t shows an apparatus suitable for the 
SO practice of the present Invention end 

Figure 2 Illustrates e unicrystalline boule of sub- 
stantially circular cross section pr od u c ed by the 
practice of the preeent Invention. 

Figum 3(a) shows the crucible arrangement of 
95 Rgurelpriortothecommencemerdoforystel 
growth end 

Figum 3(b) and 3(e) show the arrangement of 
figure 3(e) during crystal growth. 
With reference to Figure 1 f there Is Blustrsted a 

100 chamber 1 for enclosing crystal pulling spparatue 
and the embient geeeoua atmosphere. Within cham- 
ber 1, a melt 9 of GdjO, and GeiO» In a molar ratio of 
3:5 is contained In e crucible 8 which ie fabricated 
from Iridium. A cover member or lid 10, formed of 

106 Iridium, having a centre! circular aperture 17 rests on 
top the crucible 8 end the lower surface thereof acts 
as a radiation shield In a manner known to the art to 
reduce heat toss from the melt 9. The central circular 
aperture 17 la designed to be only slightly larger In 

110 cross-section than the drcular cross-section of ths 
boule to be prodced, represented st 26 In Rgure2. 
The crucible 8 is bounded on its skies end bottom 
with Insulstion 15. The insulation Is preferably 
rirconia and tarveeto: reduce the power required to 

115 sustsln the melt 9; reduce thermelgrsdJerrtsslong 
the crucible; snd to dampen temperature fluctua- 
tions arising from line voltage fluctuations, convec- 
ttve cooling effecta from the atmosphere, es well aa 
other disturbances. Hollow tubing 1 1 forms en 

120 aperture through which the temperature of the 
bottom of thecrudbis 8 can be determined by, for 
example, s radiation pyro meter focused on the 
centre of the bottom of the crudble. 
A ceramic washer 4, fabricated from alumina, for 

125 example, la supported by tubing 5 preferably of 
croonls. The weshsr 4 serves es s secondsry rsdia- 
tion shkldarKltoieatrictthecorivsctive currents of 
the atmosphere against entering the top of the 

- * • > ■ at r n i n-n'nr i I " ' " TViw I* 
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in the vicinity of the growing crystal and to augment 
the effects of the washer 1 a. 

Sleeve 6, formed of silicon dioxide, for example, 
serves to contain the insulation 15 and serves as a 
5 part of the Insulating assembly surrounding the 
crucible & The tubing 6 which serves to support the 
washer 4 slso tunc ions ss a part of the insulating 
system. 

The crucible 8 end Its surrounding Insulating 
10 assembly rests on a cersmte pedestal 12 composed 
of, for example, zirconium oxide (ZrOJ. The entire 
assembly to enclosed In s bell Jar 3 eealed to e base 
plate 13. The base piste 13 Is composed of sny 
suitable material such as for example efflcone- 
15 bonded fiber glees. The major portion of the embient 
gee atmosphere intended for the Inside of the bell Jar 
3, La. a gas atmosphere noiwtective with the mart In 
the crucible, 04. nitrogen, with 0-5% to 3% prefer- 
ably 2% by volume oxygen, Is Introduced in e 
20 continuous flow Into sight tube 14 which communi- 
cates with tubing 11.The gas Introduced Into bell Jar 
3 exits through the hole 1 8 In the bell Jar 3 through 
which the seed rod Is Inserted. Rod 2 e,g. made of 
AltO, has e seed portion 2' the form of unlcryetalllne 
25 gadolinium gallium garnet material having its longi- 
tudinel axis 20 common with the growth axle 30 of 
crystal 7 end the orientation of the unloryetaUlne 
materiel of seed 2' Us predetermined orientation 
depending on the ultimate Industrial use. Such a seed 
30 rod can be routinely prepared end results In the 
production of e massive unicrysulllne material. 

Using the above-described apparatus, the temper- 
sture of the melt le maintained In the range of 170GT 
to 180<rC and a unfcrystaiilns mass Is pulled from 
36 the malt to provide e drcuUr cross-section of 
Increasing length, e.g. 6-1 8 Inches and about 3 
Inches In diameter, following procedures known to 
the art ea exemplified by U. S, parent 3,718,184. The 
resulting unlcrystainne bouie materiel represented 
40 at 25 In Figure 2 has s substantially drculsr uniform 
cross-section. 

With reference to Figure 3(a), this view shows the 
iridium crucible 8, Iridium Bd 16, melt 9 end esed rod 
7 shown In Rgure 1 prior to crystal pulling. At such 
48 time, the gaseous stmosphere within the Iridium 
crucible 8 sbove melt 8 Is esssntislly the same ss the 
desired embisnt stmosphere in belt Jsr 1 which Is 
Introduced via tubing 1 1 of Rgure 1. Figure 3(b) 
shows the errengsment of Rgure 3(e) after crystal 
60 pulling has progressed snd the Isngth of the bouie 
26 being produced has Increased so ee to pass 
through sperturo 17 of Iridium lid 16. For this 
condition, which persists untD the deslrmd bouie 
Isngth to produced, tg. 6 to 18 Inches, e compart- 
55 ment 35 to formed which is dstmed by the lower 
surface of Iridium lid 17, the Inner wall 36 of iridium 
crucible 8 end the peripheral side of bouie 25 end the 
msJt surface. This compartment substantia Dy en- 
closes the surface of melt 9 therein and the smbient 
60 atmosphere In eornpertment 35 to the sctual embient 
atmosphsre to which the melt 9, crystal growth 
faitsffeoo 40 end the adjacent Iridium eurfacee ere 
exposed, it has been discovered, ee part of the 



crystal pulling procedure, the embient atmosphere 
in compartment 35, unless replenished, becomes 
increasingly depleted of oxygen relative to the 
ambient atmosphere In bell Jar 3 since the only 

70 exposure to the desired ambient stmosphere In bell 
jar 3 to via the small opening 17* between the sldss 
of bouie 25 end lid 16 which does not permit 
complete replenishment or homoganization of the 
atmosphere In com psrtment 36. That to to say, the 

75 atmosphere In compertmsnt 36 is essentieUy Iso- 
lated from the ambient atmosphere of bell Jar 3. The 
increasing depletion of oxygsn in oompsrtment 36 
(unless replenished) end hence at the melt surface 
and the growth Interface 40 leads to the Increasing 

80 presence of Iridium Inclusions In the bouie with the 
rssuh that the tost grown pert of the boute, Indicated 
at 50 in Rgure Z the growth interface of which wss 
subjected to the most severe oxygen depletion 
effect, contains an undesirably large number of 

85 Iridium Inclusions, e.g. as much aa 100/cnV, The 
Inclusions, ee to known to the art, are discrete 
metallic platelets or particles 1-20 microns in dia- 
meter. In the present Invention, thto undesirable 
effect Is avoided by Introducing Into compartment 35 

80 a continuous flow of nitrogen containing from about 
0JS to 3%, prefersbfy by 2% volume oxygen, e.g . by 
way of iridium tube 47 which to shown communicat- 
ing with compartment 36 through the Iridium cover 
member, or lid 16w The rate of gaa flow through tube 

86 47 Into compartment 35 is such that the desired 
ambient gaa atmosphere as In bell Jer 3 to main- 
tained in compertmsnt 35 over the surf see of the 
matt and at growm Interface 40 throughout the 
crystal pulling procedure. As e result of thto practice, 

100 die presence of undesirable iridium inclusions in the 
bouie 25 to essenttoJly avoided. The replenishing gas 
flow Is, ss shown In the drawing, preferably Intro- 
duced through sn aperture In Iridium lid 16 which to 
located dose to the side well of the crucible so that 

106 the replenishing gas flow essentially continuously 
flushes eornpertment 36 to ensure the presence of 
the desired embisnt pressure In compartment 36. 
Other arrangsmsnts tor introducing replenishing 
flow into compartment 35 may be used, e.g. through 

110 the crucible side will to schlsvs the same flushing 
effect. 

A suitable rata of gss flow can be readily deter- 
mined for the particular apparatus Involved For 
example, knowing the volume of the compartment 

116 35, Vc by mossuremsnt of calculation, for such 
volume, Ve, e suhaWs gas flow rate can be express- 
ed es from U Vc to 15 Vc per minute. That to. If the 
volume of the eornpertment Veto one cu. ft, e 
surtabtogeefiowranpjtofromOJto 16cu.ftper 

120 minute. Higher flow raise may possibly be used 
provided the* the metteurfeee to not disturbed 
thereby. Since the eornpertment volume, Vc, nsces- 
ssrify Increases ss the melt lowers In the crucible 
during crystal growth this should be considers when 

126 selecting s gas flow rate. 

Eximpkl 

About 1 1,600 grarna of OdjQj end GajO»in e 
mnisr ratio of 3* &02:4£8i were Disced In en 
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Inches, a wall thickness of 0.1 inch and a height of 
6.76 inches. An iridium cover 6£ Inch diameter, 0.1 
Inch thick having e central circular aperture of 3*5 
Inch diameter was provided on top of the iridium 
6 crucible. The crucible was pieced within an 8 turn 
Induction heating coll having en LD. of 7JS Inches. 
The crucible stood on a pedastsl containing packed 
zirconla granule* while the apace between the coll 
and the crucible wee sJeo packed with zlrconia 

10 granule* This entire apparatua was enclosed In an 
aluminum bell Jar (28 cu. ft) having an aperture at Ha 
top. A nitrogen atmosphere containing about 2% by 
volume oxygen wee provided Inside the bell Jar by 
means of an inlet located beneath the crucible and 

16 remote from the crudble. The gae flow was 40 cuft. 
per hour. An Iridium tube U5 Inch LD.) located 1 
Inch from the crucible aide well communicated with 
the Interior of the crucible through the lid. For this 
Example there wae no gae flow through the iridium 

20 tube. The Induction haating oof) was energized from 
e well known R.F. Induction heating unit and the 
power wee Increased until the Induced current In the 
iridium crudble heated It to a "white heat". Conduc- 
trve heat from the Iridium crucible formed a meitln 

26 the crudble. The height of the crudble wail above 
the melt at this time was about 0.6 Inch. A unicryttai- 
Une gadolinium gallium garnet aoed 0376 Inch 
diameter (<11 1> orientation) wae lowered through 
the aperture in the Iridium cover until It contacted 

30 the surface of the melt The seed was then with- 
drawn from the matt at about 03 Inch per hour for 30 
hour*. The height of the crudble waS above the mtft 
wt>engrowthwastemInetedwas«lnchea.A9 
inch long bouie of 3^ Inch drculer cross section was 

35 obtained which oontalnad numeroua Iridium inclu- 
sions (st least lOOVcm 1 ) In the bottom, I.e. last 
formed 1/3 of the boute. 

40 Essentially the same procedure as In Example I 
was followed except that nitrogen gee containing 2% 
oxygan by voiume was caused to flow continuously 
through the Iridium tube into the 
10cu.fLperhour.Abou)e3^lnohlndlamecerand 

46 abc44airtcrmkmgwasprockx^whk^rtsdtew 
iridium Kndusione (not more than eVarr 9 ) throughout 
Its length. 

60 EsaentieOy the aame procedure aa in Example I 
was followed except that nitrogen gas containing 2% 
oxygen by volume wae caused to flow continuously 
through the Iridium tube into the crudble at e rate of 
2 cu. ft per hour. A bouie 3J inch In diameter and 

SI siXMteinohee long wee r^roduoed which had few 
IridkirnlrtcluslorttfartrnOT 
Its length* 

CLAIMS 

60 

1. A msthod for producing unlcrystalllne gsdoll- 
nium gaiHum garnet boules of eubetantialry circular 
cross eection by 



crudble having an Iridium cover member with e 
drculer opening positioned above the surface of the 
meltonryelightry larger than the crose-eectionofthe 
boute to be produced, 

70 (II) Inserting a aeed rod of unlcrystalllne gedoli- 
nlum gallium garnet through said circular opening In 
aald Iridium cover member Into the melt 

(III) providing an ambient atmosphere of nit- 
rogen containing about 0.5 to 3% by volume oxygen 

76 aurroundlng aald covered iridium crudble, 

0v) withdrawing the aeed rod from the melt euch 
that gadolinium gallium garnet material Ca solidified 
and crystallized on the seed rod to form e virtually 
perfect massive unlcrystalllne bouie product of 

80 increasing length having e substantially circular 
c r os s s e cti on which te only allghtty ieae than the 
drculer opening In aald iridium cover member, eeld 
bouie passing through aald drculer opening In eeld 
Iridium cover member ae the length of eeld bouie 

88 Increases to substantially endose the surface of ths 
met In aald Iridium crudble In a compartment 
defined by the walls of said crudble, aald Iridium 
cover member, the peripheral aide of aald bouie and 
the malt surface, 

80 (v) introdudng e continuous flow of nitrogen gae 
containing about 0JS to 3% oxygen Into aald conv 
partment at a rate sufficient to maintain about 0.6 to 
3% by volume of oxygen In aald compartment 

2. A method as claimed In dalm 1 substantially 
96 ae hereinbefore deecribed In any one of the fore- 
going Exampiea. 

3. A method aa claimed In dalm 1, substantially 
aeherdnbefbrao^ccrfbsxJwtthrf 

Illustrated In any one of the accompanying draw* 
100 Inge. 

4. A unlcrystalllne gadolinium gallium garnet 
bouie whenever produced by a process aa claimed In 
any one of delme 1 to 3. 
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